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ABSTRACT 
Zygotic mature olive embryos from olive plants growing in the World Olive Plant 
Collection of Cordoba (Spain) and in high salinity marshes, were cultured in vitro on 1/3 
MS medium with different NaCl concentrations: 0, 4, 6 and 8 gL-1 (0, 68.4, 102.6 and 
136.9 mM respectively). 
Close to 100% of the embryos cultured in control medium formed normal 
seedlings, showing good growth. The addition of NaCl to the medium decreased these 
parameters but different responses were observed due to the natural genetic variability of 
the embryos. Thus, some embryos showed low ability to grow at low saline 
concentrations while others, even from the same mother plant, were able to germinate and 
grow well at salt concentrations of 8 gL-1. But, in general, embryos from plants growing 
in saline areas, germinated better in salt than those from cultivated olive trees. Explants 
from low and high salt tolerant seedlings were propagated in vitro by subculturing in 
media without salt and the clonal lines obtained were tested for their salt tolerance by 
culturing in vitro on 1/3 MS media with different NaCl concentrations: 0, 2, 4, 6, 8, 10 
and 12 gL-1 (0, 34.2, 68.4, 102.6, 136.9, 171.1 and 205.3 mM respectively). 
A correspondence between the tolerance observed for the original seedlings and 
the plantlets obtained from them was found. 
Plants with low ability to grow in low salt concentration (low salt tolerant) and 
plants which could grow at 12 gL-1 (high salt tolerant) were selected to be tested in 
outside conditions. 
INTRODUCTION 
Seed germination is the most common method for plant propagation and a good 
way to maintain, or even increase plant biodiversity. Seed germination was used by 
Fenician, Greek and Roman colonisers to spread oliviculture throughout the 
Mediterranean Basin. Later, when farmers became interested in olive plant selection, 
agamic propagation methods were used. The current increase of breeding works has 
renewed the interest in seed germination. 
Olive seed, covered by the stony endocarp, needs much time to germinate and 
does so in a low proportion (Scaramuzzi, 1963; Bini  Bellini, 1975; Diamantoglou  
Mitrakos, 1979) which is a handicap for breeding works development. Some authors 
(Lagarda et al., 1983; Crisosto  Sutter, 1985) indicated that the woody endocarp is a 
mechanical barrier for germination, and Mitrakos  Diamantoglou, (1984) considered 
that it also hindered the gas and liquid exchange. Thus, removal of the stony endocarp 
accelerates germination, and enhances the percentage of germinated seeds (Sotomayor-
León  Caballero, 1990; Lambardi et al., 1994). Even better results are attained by the in 
vitro culture of isolated embryos (Troncoso et al., 1991; Sarmiento et al., 1994; Voyiatzis 
 Pritsa, 1994; Acebedo et al., 1997), particularly at low temperature (Voyiatzis, 1995), 
showing its potential for use in olive breeding works (Troncoso,1994). 
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The in vitro culture of isolated embryos allows to know in a short time their 
tolerance to salt without any interference of soil or climate (Ben-Hayyim et al., 1989). 
Nevertheless, it is necessary to check the ex vitro behaviour of the plants after the in vitro 
selection (Skene  Barlass, 1988). 
The aim of this work is to know the effect of NaCl in the medium on the in vitro 
development of isolated olive embryos in order to see whether this system can be used for 
the obtaining of salt tolerant olive plants. 
MATERIAL AND METHODS 
Olive fruit were harvested at the end of July from 4 different plants: one of cv. 
“Galego”, and other one of cv. “Lechín” (both cultivated in the World Olive Plant 
Collection of Cordoba, Spain); other plant growing in “Raboconejo” in the River Odiel 
Marsh (Huelva, Spain), and other in “Lagolargo” in the Cadiz Bay Marsh (Cadiz, Spain). 
These last two areas are harsh salines marshes and consequently their olive plants are 
growing in high saline conditions (Cantos et al, 2002). Mature olive embryos were 
isolated as described by Acebedo et al. (1997) and placed individually in test tubes (21x 
150 mm) with 10 cc of the following culture media: 1/3 strength MS (Murashige and 
Skoog, 1962) with 5 gL-1 agar (control medium), and respectively the control medium 
plus 4, 6, and 8 gL-1, equivalent to 68, 102, and 136 mM of NaCl. The test tubes 
containing the embryos, were covered with plastic caps, sealed with parafilm, and placed 
in a growth chamber at 23 ºC, 16 h. photoperiod, and 30 Em-2s-1 of light intensity. Forty 
embryos per saline treatment and mother plant, 640 in total, were used for the experiment. 
Initial growth of the axis (emergence of hypocotyl and root) and opening and green 
colour of cotyledons was regarded as germination. Development of stem and leaves 
(aerial part) and radicular system (a long pivotant root) was regarded as seedling 
formation. 
The seedling of each mother plant with better growth in the 8 gL-1 NaCl medium 
were chosen as salt tolerant and nominated respectively as G-8 (from cv “Galego”), L-8 
(from cv “Lechín”), both from Plant Collection of Cordoba (Spain) and RC-8 (from 
“Raboconejo” olive plant) and LL-8 (from “Lagolargo” olive plant) from the high salinity 
marshes. Uninodal, one cm. length, explants from the selected seedlings were in vitro 
propagated several times on OM (Rugini, 1986) medium without NaCl, to attain enough 
number of explants. Similar explants were prepared from all the seedlings germinated in 
the control (0 gL-1 NaCl) germination medium (no selected seedlings) and grouped as G-0 
(seedlings from “Galego” embryos), L-0 (seedlings from “Lechín” embryos), RC-0 
(seedlings from “Raboconejo” embryos) and LL-0 (seedlings from “Lagolargo” 
embryos). 
168 uninodal explants (24 per NaCl treatment) of each selected and non selected 
lines (8 lines), 1344 explants in total, were cultivated on OM medium with respectively 
addition of 0, 2, 4, 6, 8, 10 y 12 gL-1 of  NaCl, equivalent to 0, 34.2, 68.4, 102.6, 136.9, 
171.1 and 205.3 mM. In vitro explant survival and growth were measure to define their 
salt tolerance. 
Nutritive status of both in vitro seedlings and explants was controlled. Nitrogen 
was determined according to Jackson (1962), and the other elements after calcination 
(Wallinga et al., 1995) by ICP-OES. Quality control samples from the IPE-WEPAL 
program (Houba et al., 1996) were also compared with those results deviating less than 
10% from certified values. 
Statistical significance was determined using the Student t test. 
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RESULTS AND DISCUSSION 
The in vitro development of the isolated olive embryos can be divided in two 
phases: i) germination, defined by the emergence of the axis (hypocotyl and root 
primordial) and the opening and greening of cotyledons, and ii) seedling formation, with 
the development of stem, leaves and roots. Table 1 shows the influence of NaCl 
concentrations on the two phases. There was a very high percentage (100%) of 
germination when the embryos were cultured in the control medium without NaCl. These 
results agree with those of Troncoso et al. (1991; 1998), Voyiatzis  Pritsa (1994), and 
Voyiatzis (1995), and indicated the good behaviour of the olive embryo when cultured in 
vitro. Additions of NaCl to the nutritive medium until 6 gL-1 NaCl did not significantly 
change the level of embryo germination, showing its tolerance to salt. Uniyal  Nautiyal 
(1998) had observed a higher salt-tolerance of the seed during germination than during 
seedling development. This behaviour was related to the presence in the germinating seed 
of specific proteins (Blackman et al., 1991; Ried  Walker-Simmons, 1993) and also to 
the expression of specific genes (Thomas, 1993). Additions of 8 gL-1 of NaCl to the 
medium significantly decreased the level of germination, establishing statistical 
differences with all the other treatments.  
Since this 100% of germination was obtained in a culture chamber at 23 ºC, there 
was not the negative effect of higher temperature reported by Mitrakos  Diamantoglou 
(1984). 
Seedlings formation was also affected by NaCl presence in the medium, with a 
negative relationship between the number of seedling formed and NaCl concentration        
(r=- 0.994). The effect of salt on seedling development was greater than that indicated for 
germination, confirming the higher salt tolerance of the embryo during the phase of 
germination as indicated above (Table 1). 
Nevertheless, this general response to salt (NaCl) of the in vitro olive embryo, 
there were difference among the embryos of each origin. Embryos from the two 
cultivated plants (“Galego” and “Lechín”) growing in the World Olive plant Collection of 
Cordoba (Spain) in a non saline soil, presented lower germination and seedling formation 
than those from the plants growing in marshes and adapted to that harsh conditions 
(Cantos et al., 2002), but some embryos of the cultivated olive plants were able to form 
seedlings in the highest saline treatment and, on the contrary, some embryos of the plant 
growing in the salines soils dead in lower saline media. This behaviour showed the 
genetic variability of the olive embryo. 
Root and stem seedling growth (Table 2) were also negatively affected by salt and 
as for percentage of germination and seedling formation, the embryos from salinised 
plants were less affected. 
Addition of NaCl to the nutritive medium, also modified the nutrient composition 
of the seedlings, but in this case without differences between the different embryos 
considered. Then in Table 3, the nutritional status (as average of the different plant-
origins) of the in vitro olive seedling-leaves, in relation to NaCl treatments is shown. 
There were high accumulations of Na and Cl, proportional to NaCl additions. 
Similar accumulations of Na and Cl were indicated by Downton (1977), Arbabzadeh & 
Dutt (1987), and Troncoso et al. (1999), treating with NaCl other plant species cultured in 
vitro or by Royo & Aragües (1989) for plants cultivated in green-house conditions. In 
coincidence with Na increase there was a decrease of K. Antagonism between K and Na 
was indicated by García & Charbaji (1989). The plants treated with 8 gL-1 NaCl showed 
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higher contents of the remaining nutrients (Table 3) probably due to their lower 
development. 
Salinity of the culture medium also affected the survival and growth of the in vitro 
explants (Tables 4 and 5). In coincidence with the results of the germination test, high 
saline conditions affected more the explants from cultivated trees than those from non 
cultivated salinised ones. Also, mortality caused by salt was higher in the non selected 
explants than in the selected ones. Then there was a relationship between the mother 
plant, its in vitro embryo-seedling and its in vitro explant with salt. It seems that the salt-
tolerant ability of the origin plant was transmitted to its embryos and also to the plant 
material (explant) obtained from the germinated seedlings. 
Explant growth was also negatively affected (inverse-relation) by salinity and, 
although conserving the same characteristics, the differences among explants groups were 
lower due to the selection process caused by mortality in the non selected explants. 
As for seedling leaves, the nutritive status of the explant leaves was characterised 
by Na and Cl accumulations and K decreasing with salt concentration (Table 6). Then, 
these nutrient changes are good markers of the salinity conditions of the medium but did 
not establish differences among the embryos nor the explants compared. 
In consequence, the mature olive embryo is a promising plant material for the in 
vitro selection of salt-tolerant olive clones due to: i) good in vitro response to germination 
and seedling formation, ii) relationship between mother plant characteristics and in vitro 
behaviour to salt of the corresponding embryo, seedling and explant, and iii) embryo 
genetic variability,. 
Also, due to the relationship between salt (NaCl) concentration in the culture 
medium and Na and Cl content in the in vitro plant material, the levels of these saline 
elements are good markers of the salinity. 
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Table 1. Influence of salinity (NaCl) on germination and seedling formation of in vitro 
cultured olive embryos from 4 different plants. 
gL-1 NaCl 
0 4 6 8 0 4 6 8 Embryo from 
% germination % seedling formation 
Galego 100bB 100bB 96bB 55aA 82dA 75bA 42bA 5aA 
Lechín 100bB 100bB 96bB 62aA 88cA 88cA 56bA 12aA 
Raboconejo 100bB 100bB 100bB 80aB 82cbA 90dA 68bBC 32aB 
Lagolargo 100bB 100bB 100bB 80aB 88bA 85bA 70bC 30aB 
Different letters indicate significant differences (capital letters among clones, small letter 
among treatments) at p  0.05 level. 
 
 
 
Table 2. Influence of salinity (NaCl) on root and stem growth of in vitro olive seedlings 
from embryos of 4 different plants (60 days of culture). 
gL-1 NaCl 
0 4 6 8 0 4 6 8 Embryo from 
Stem length (cm) Root length (cm) 
Galego 2.5aA 1.2aA 1.2aA 0.9aA 13.0dA 10.0cA 6.0bA 2.5aA 
Lechín 3.0aA 2.5aA 1.0aA 0.7aA 15.0dAB 11.0cAB 8.0bAB 3.0aA 
Raboconejo 3.5aA 3.0aA 2.0aA 1.0aA 17.0cB 12.5bB 12.0bC 8.0aB 
Lagolargo 4.0aA 2.5aA 2.0aA 1.2aA 16.0dB 12.5bC 10.0bB 8.0aB 
Different letters indicate significant differences (capital letters among clones, small letter 
among treatments) at p  0.05 level. 
 
 
 
Table 3. Nutritional status of the in vitro olive seedling leaves in relation to the 
concentration of NaCl in the medium (average of the 4 original plants). 
NaCl % dm ppm 
gL-1 mM N P K Ca Mg Na Cl Fe Mn Zn Cu 
0 0 4.71 0.49 2.21 0.50 0.13 0.63 0.68 293 179 150 25 
4 68 3.98 0.50 1.87 0.43 0.10 4.71 6.66 380 334 186 22 
6 103 4.48 0.53 1.67 0.44 0.09 5.96 7.72 520 249 225 27 
8 137 6.48 0.62 1.57 0.57 0.12 6.63 8.07 546 358 396 59 
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Table 4. Influence of salinity on the survival after 60 days of in vitro culture of the non 
selected and selected olive explants. 
SURVIVAL (%) gL-1 
NaCl G-0 L-0 RC-0 LL-0 G-8 L-8 RC-8 LL-8 
0 100.0e 100.0e 100.0e 100.0e 100.0e 100.0e 100.0e 100.0e 
2 100.0e 100.0e 100.0e 100.0e 100.0e 100.0e 100.0e 100.0e 
4 97.9de 95.8de 100.0e 100.0e 100.0e 100.0e 100.0e 100.0e 
6 87.5cde 75.0abcd   95.8de   93.7cde 100.0e 95.8de 100.0e 100.0e 
8 85.4bcde 75.0abcd   87.5cde   93.7cde   95.8de 100.0e 100.0e   95.8de 
10 68.7ab 68.7abc   93.7cde   91.6cde 100.0e 97.9de 100.0e 100.0e 
12 62.5ab 54.1a   85.4bcde   81.2bcd   91.6cde 91.6cde 100.0e   95.8de 
Different letters indicate significant differences at p≤ 0.05 level. 
 
 
Table 5. Influence of salinity on the growth after 60 days of in vitro culture of the non 
selected and selected olive explants. 
GROWTH (mm) gL-1 
NaCl G-0 L-0 RC-0 LL-0 G-8 L-8 RC-8 LL-8 
0 50a 53a 50a 49a 50a 50a 53a 54a 
2 52abcd 40a 48abc 43ab 52abcd 62cd 55bcd 64d 
4 32b 14a 29b 34b 40bc 35b 40bc 51c 
6 15ab 10a 20bc 23bc 15ab 15ab 26c 20abc 
8 11b 3a 13bc 9b 10b 8b 16c 9b 
10 4b 0a 9c 2ab 2ab 5bc 16d 3ab 
12 1ab 0a 4bc 0a 5c 5c 15d 3abc 
Different letters indicate significant differences among varieties at p≤ 0.05 level. 
 
Table 6. Nutritional status of the in vitro olive explant leaves in relation to the 
concentration of NaCl in the medium (average of 4 original plants). 
% d.m. ppm gL-1 
NaCl N P K Ca Mg Na Cl Cu Fe Mn Zn 
0 2.05 0.31 3.48 0.97 0.55 0.40 1.97 6 74 249 114 
2 2.24 0.32 3.02 0.92 0.68 3.30 6.69 12 75 328 126 
4 2.80 0.48 2.70 0.63 0.47 4.57 7.11 9 53 176 104 
6 2.88 0.33 1.98 0.52 0.42 5.14 9.44 5 55 146 76 
8 2.41 0.49 1.92 0.62 0.53 7.95 10.46 17 49 170 120 
10 2.39 0.37 1.60 0.56 0.46 7.80 11.80 9 34 131 87 
 
